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Abstract 

Heydrick,  Fred  P.  (Fort  Detrick,  Frederick,  Md.).  Ral*h  f.  Wackier,  and 
Henry  J.  Hearn,  Jr.  Host  influence  on  the  characteristicv^  Venezuelan  equine 
encephalomyelitis  virus.  J.  Bacteriol.  91:2343-2348.  1966.— Alterations  in  plaque 
size,  virulence,  and  lipid  content  of  Venezuelan  equine  encephalomyelitis  (VEE) 
virus  were  examined  for  possible  interrelationships  among  these  properties  during 
10  serial  passages  in  embryonated  eggs,  suckling  mice,  chick  embryo  fibroblasts, 
and  L  cells.  The  chick  embryo  host  maintained  the  same  large-plaque  and  virulence 
properties  of  the  virus  through  10  passages  as  seen  in  the  original  seed.  Passage  of 
virus  in  either  L  cells  or  chick  fibroblasts  rapidly  produced  populations  that  were, 
in  the  main,  intermediate  wi  h  respect  to  plaque  size  and  virulence.  Passage  of  virus 
in  suckling  mouse  brain  yielded  populations  that  were  intermediate  with  respect 
to  plaque  size  only  The  nature  of  the  lipid  of  the  virus,  in  terms  of  the  ratio  of 
petroleum  ether-soluble  to  -insoluble  lipid,  changed  after  only  one  passage  in  all 
systems  except  in  chick  embryos.  Nine  additional  serial  passages  foiled  to  enhance 
these  changes  in  viral  lipid,  suggesting  that  the  decrease  in  the  forge-plaque  and 
virulence  properties  was  not  directly  associated  with  changes  in  lipid  content. 


The  properties  of  v-rulencc  and  plaque  forma¬ 
tion  of  the  equine  encephalomyelitis  group  of 
viruses  have  been  shown  by  a  number  of  investi¬ 
gators  to  be  influenced  by  passage  of  the  virus  in 
various  host  systems.  For  example,  Marshall  et  al. 
(9)  found  that  the  large-plaque  characteristic  of 
naturally  occurring  strains  of  western  equine 
encephalomyelitis  virus  was  maintained  con¬ 
sistently  during  passage  in  embryonated  eggs, 
less  consistently  during  passage  in  mouse  brain, 
and  was  quickly  replaced  by  virus  that  produced 
small  plaques  when  passed  in  chick  fibroblast 
cell  culture.  The  literature  contains  several  re¬ 
ports  describing  alterations  in  the  properties  of 
Venezuelan  equine  encephalomyelitis  (VEE; 
virus  after  passage  in  cell  culture  (1,  3,  8, 10, 11). 
The  work  of  Hardy  and  Hearn  (4),  Mussgay 
and  Suarez  (11),  and  Brown  (2)  indicated  a 
correlation  between  loss  of  virulence  resulting 
from  passage  in  cell  culture  and  loss  in  ability 
of  the  virus  to  form  forge  plaques.  In  preliminary 
studies,  Hearn  and  Soper  (Bacteriol.  Proc.,  p. 
135,  1962)  and  Heydrick,  Cree,  and  Wachter 
(Federation  Proc.  23:400,  1964)  emphasized  that 
different  host  species  varied  in  their  ability  to 
alter  plaque  size  and  virulence  of  VEE  virus.  An 
additional  factor,  the  ratio  of  petroleum  ether 


(PE) -soluble  to  PE-insoluble  viral  lipid  also  gp- 
peared  to  depend  upon  the  host  from  which  the 
virus  was  derived  (Heydrick  et  al.,  Federation 
Proc.  23:400,  1964).  It  is  the  purpose  of  this 
paper  to  report  the  relationships  and  changes  in 
plaque  size,  virulence,  and  lipid  content  of  viral 
populations  that  Occurred  during  10  serial  pas¬ 
sages  of  a  single  strain  of  VEE  virus,  with  the  use 
of  the  chick  embryo,  suckling  mouse  brain,  chick 
fibroblasts,  and  L  cells  as  hosts. 

Materials  and  Methods 

Virus  seeds.  The  parent  egg  seed  (PES)  (5)  of  the 
Trinidad  strain  of  VEE  virus  (10),  which  had  re¬ 
ceived  t3  passages  in  embryonated  eggs,  was  used  to 
initiate  these  studies.  This  seed  possessed  a  titer  of 
10”  mouse  intracerebral  (sc)  u>»  per  ml  of  20% 
suspension.  Embryo  and  yolk-sac  reeds  used  to  infect 
various  hosts  were  prepared  by  inoculating  I0<  * 
mouse  ic  ld*  of  the  PES  strain  into  10-day  embry¬ 
onated  eggs  via  the  allantoic  route.  After  incubation 
for  24  hr,  embryos  and  yolk  sacs  were  harvested  from 
moribund  and  dead  eggs.  These  harvested  tissues  were 
homogenized  separately,  and  prepared  as  20%  sus¬ 
pensions  in  Ringer- Locke  solution.  After  low-speed 
centrifugation,  the  supernatant  fluid  was  placed  in 
ampoules  and  stored  at  —  70  C. 

Passage  of  virus.  The  embryo  and  yolk-sac  seeds. 
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which  titered  10*  *  and  10"  mouse  ic  ldh  per  ml, 
respectively,  were  serially  passed  10  times  in  1 1-day 
embryonated  eggs,  suckling  mice,  and  in  monolayers 
of  L  cells  and  chick  fibroblasts  (CF).  Prior  to  inocu¬ 
lation,  cell  monolayers  for  passage  of  virus  were 
grown  for  48  hr  in  either  T-60  flasks  or  Roux  bottles 
containing  lactalbumin  hydrolysate  medium  with 
10%  calf  serum.  The  former  were  inoculated  with  0.3 
ml  and  the  latter  with  1.0  ml  of  a  1:10  dilution  of 
either  the  embryo  or  yolk-sac  seed.  After  an  adsorp¬ 
tion  period  of  20  min,  the  inoculum  was  removed  and 
fresh  growth  medium  was  added.  The  viral  suspen¬ 
sions  were  harvested  after  36  hr  of  incubation  at 
37  C.  Remaining  serial  passages  were  made  with  the 
use  of  harvested  tissue  culture  supernatant  fluids  as 
inocula,  each  of  which  contained  approximately 
10"  mouse  ic  low  Serial  passages  in  1-  to  2-day-old 
suckling  mice  were  initiated  in  a  similar  manner  by 
intracerebral  injection  of  0.03  ml  of  a  1:100  dilution 
of  cither  the  embryo  or  yolk-sac  seed.  Infected  brains 
were  harvested  after  24  hr,  pooled,  and  stored  as  10% 
suspensions  in  beef  heart  infusion  broth  (BHIB). 
Subsequent  suckling  mouse  brain  serial  passages  were 
carried  out  with  approximately  10"  mouse  ic  ldh  of 
the  harvested  brain  suspensions.  Passage  of  virus  in 
chick  embryo  was  begun  with  0.25  ml  of  a  1:100 
dilution  of  cither  the  embryo  or  yolk-sac  vims.  Sub¬ 
sequent  serial  passages  were  made  with  approximately 
10"  mouse  ic  ldm  of  the  harvested  embryo  pools.  All 
harvested  material  was  stored  at  —  70C  until  tested. 

Virus  assay  and  plaque  size  determination.  Viral  as¬ 
says  were  performed  by  injecting  12-  to  14-g  mice  by 
the  intracerebral  (ic)  and  rnlrapcritoneal  (ip)  routes 
with  10-fold  dilutions  of  the  preparation  in  BHIB. 
Viral  titers  were  expressed  as  the  mouse  ic  ldm  and 
ip  u>h  per  mi.  The  CF  monolayer  plaque  technique 
for  intact  virus,  as  described  by  Col6n  and  Idoine 
(3),  was  used  to  determine  plaque  sire.  Plaque  diam¬ 
eters  were  measured  to  the  nearest  0.25  mm.  Counts 
and  size  det emanations  were  made  2  and  3  days  after 
inoculation;  the  longer  incubation  period,  however, 
proved  to  give  more  accurate  size  differentiation. 
Three  groups  of  plaque  sizes  were  arbitrarily  defined: 
large  plaques  (4  to  6  mm  in  diameter;,  intermediate 
plaques  (2.0  to  3.5  mm),  and  small  plaques  (0.5  to  1.5 
mm;.  Two  dilutions  of  inoculum  were  employed  in 
duplicate  to  provide  between  20  and  1 20  plaques  per 
plate.  Fifth-  and  tenth-passage  preparations  were 
tested  simultaneously  to  minimize  variation  in  plaque 
size  resulting  from  influences  other  than  those  exerted 
by  the  host  from  which  the  virus  was  obtained. 

Purification  of  virus.  The  VEE  virus  from  20%  chick 
embryo  suspension,  10%  suckling  mouse  brain  sus¬ 
pension,  or  infected  tissue  culture  fluid  was  purified 
by  treatment  with  Celite,  clarification  with  protamine 
suliate,  and  concentration  of  the  virus  by  high-speed 
centrifugation  (59,000  X  g)  of  the  supernatant  fluid. 
The  concentrated  virus  was  placed  on  a  continuous 
sucrose  gradient,  and  centrifuged  at  53,500  X  g  for 
3  hr  in  a  Spinco  SW-25  swinging  bucket  rotor.  The 
visible  virus  band,  located  at  a  density  of  1.14,  was 
removed  by  puncturing  the  side  of  the  tube. 

Dialysis  and  iyophitization.  Purified  virus  suspen¬ 
sions  from  a  series  of  identical  gradients  were  prepiued 


for  analysis  by  diluting  the  virus  band  of  high  sucrose 
content  with  5%  sucrose,  and  sedimenting  the  virus 
by  high-speed  centrifugation  (105,000  X  g  for  2  hr). 
The  resuspended  virus  pellet  was  dialyzed  against 
distilled  water,  and  lyophilized  in  small  bottles.  Sam¬ 
ples  were  further  dried  to  constant  weight  over  phos¬ 
phorus  pent  oxide  before  extraction  of  lipids. 

Lipid  determination.  Total  lipid  was  determined  by 
direct  weighing  of  the  extracted  lipid.  Lipid  was  re¬ 
moved  with  a  microextraction  apparatus  similar  to 
that  described  by  Schaffer  ct  al.  (13),  by  use  of  the 
extraction  procedure  iff  Thomas  (14). 

Results 

Viral  plaque  size  during  passage.  As  indicated 
above,  embryo  and  yolk-sac  harvests  constituted 
the  starting  material  for  passages  carried  out  in 
parallel  in  chick  embryos,  stickling  mice,  L  cells, 
and  CF  cells.  With  one  exception  that  is  dis¬ 
cussed  below,  the  embryo  and  the  yolk-sac  start¬ 
ing  materials  produced  approximately  the  same 
results  during  passage  in  the  four  systems.  There¬ 
fore,  only  data  obtained  with  virus  that  origi¬ 
nated  from  the  embryo  are  presented  in  the  tables. 

The  extent  to  which  the  large-plaque  char¬ 
acteristic  of  VEE  virus  was  maintained  during 
passage  in  these  hosts  is  shown  in  Table  1.  Re¬ 
sults  are  expressed  as  the  percentage  of  large, 
intermediate,  or  small  plaques  present  after  the 
first,  the  fifth,  and  the  tenth  passages.  For  10 
passages  in  the  chick  embryo,  approximately 
100%  of  the  total  population  consisted  of  large- 
plaque  virus.  In  contrast,  infected  suckling  mouse 
brain  showed  a  slight  decrease  in  the  percentage 
of  large  plaques  at  the  fifth  passage,  and,  by  the 
tenth  passage,  only  6%  of  the  virus  population 
formed  large  plaques;  the  remainder  of  the  pop¬ 
ulation  formed  plaques  of  intermediate  size. 

Passage  of  VEE  virus  in  the  cell  culture  systems 
resulted  in  a  much  more  rapid  reduction  in  the 
percentage  of  large-plaque  particles.  After  only 
two  passages  (not  shown  in  Table  1)  in  CF  cells, 
large-plaque  virus  was  already  in  the  minority 
(40%).  As  shown  in  Table  1,  by  the  fifth  passage 
all  plaques  were  intermediate  in  size;  at  the  tenth 
passage,  87%.  of  the  plaques  were  of  intermediate 
size,  and  the  remaining  13%  were  small.  Results 
of  viral  passage  in  L  cells  showed  a  similar  trend, 
but  were  not  identical  to  those  observed  after 
passage  in  chick  fibroblasts.  For  example,  at  the 
fifth  passage,  two  plaque  types  were  discernible. 
Of  these  types,  62%  were  large,  although  they 
were  conspicuously  confined  to  4  mm  in  size 
rather  than  the  5-  to  6- mm  range  typical  of  other 
large  plaques.  The  remaining  38%  were  2  to  2.5 
mm.  At  the  10th  passage,  large  plaques  were  no 
longer  observed,  and  the  distribution  among  in¬ 
termediate  and  small  plaques  was  almost  identical 
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Table  1.  Host  influence  on  plaque  formation  by  Venezuelan  equine  encephalomyelitis  virus 


Host 

Distribution  of  plaque  siaes* 

1st  puuic 

Sth  postage 

10th  passage 

Large 

Inter- 
!  mediate 

Small 

Large 

Inter' 

mediate 

! 

Small 

Large 

Inter¬ 

mediate 

Small 

Chick  embryo . 

loot 

0 

0 

!  loot 

0 

o 

loot 

0 

0 

Mouse  brain . 

!  loot 

0 

0 

90 

4 

6 

6 

94 

0 

CF  cells . 

toot 

0 

0 

0 

100 

0 

0 

87 

13 

L  cells . 

toot 

0 

0 

i  M 

38 

0 

0 

83 

17 

*  Large,  4  to 6  mm  in  diameter;  intermediate,  2  to  3.5  mm;  small,  0.5  to  1.5  mm. 
t  Incidence  of  large  plaques  ranged  from  95  to  100%  of  total.  Other  results  are  also  expressed  as  per 
cent  of  total. 


to  that  found  with  CF  cells.  It  is  interesting  to 
note,  however,  that  small  plaques  found  with 
L-cdl  preparations  were  confined  to  sues  at  the 
lower  end  of  the  small  plaque  range  (i.e.,  0.5 
to  1.0  mm),  but  small  plaques  induced  by  the 
CF  preparations  usually  approached  2  mm  in 
size. 

One  instance  occurred  in  which  the  serial 
passage  of  virus  from  chick  embryo  and  yolk-sac 
seeds  did  not  yield  comparable  results.  During 
the  passage  of  virus  from  yolk-sac  starting  ma¬ 
terial  in  L  cells,  there  appeared  to  be  a  greater 
tendency  to  preserve  the  large-plaque-forming 
characteristic  of  the  virus  than  in  virus  that  origi¬ 
nated  from  chick  embryo.  This  was  most  evident 
at  the  fourth  passage,  when  only  5%.  large-plaque 
virus  was  recovered  from  embryo  starting  ma¬ 
terial;  with  the  yolk-sac  starting  material,  how¬ 
ever,  60%  of  the  virus  still  produced  large  plaques. 
By  the  10th  passage,  30%  of  large-plaque  virus 
still  persisted. 

These  results  indicate  that  the  chick  embryo 
host  maintained  the  large-plaque  characteristics 
of  the  virus  through  10  passages,  and  that  pas¬ 
sage  in  either  L  cells  or  CF  produced  a  much 
more  rapid  change  in  plaque-forming  char¬ 
acteristics  than  did  passage  in  the  suckling  mouse 
brain. 

Viral  virulence  during  passage.  Because  the 
chick  embryo  seed  vims  showed  a  rapid  loss  of 
the  large-plaque  characteristic  upon  serial  pas¬ 
sage  in  vitro,  virus  from  this  source  was  selected 
for  a  study  of  its  virulence  in  mice.  Table  2  shows 
the  results  of  a  comparative  study  with  harvests 
after  1,  5,  and  10  passages  in  chick  embryos, 
suckling  mouse  brain,  L  ceils,  and  CF.  As  long 
as  the  serial  passages  were  performed  in  chick 
embryos,  there  was  no  evidence  of  attenuation 
of  the  virus  for  mice,  since  little  difference  in 
lethality  was  found  when  this  strain  was  as¬ 
sayed  by  either  the  ic  or  ip  route.  The  logn  differ¬ 


ence  in  the  titers  obtained  by  these  routes  (ic  loh 
-  ip  u>i»)  was  0.5  log  at  the  first  passage,  0.3 
log  at  the  fifth  passage,  and  0.6  log  at  the  tenth 
passage.  Passage  of  the  chick  embryo  seed  in 
suckling  mice  resulted,  at  the  first  passage,  in  a 
difference  of  0.2  log,  which  increased  to  a  maxi¬ 
mum  of  0.9  log  at  the  fifth  passage.  In  ceil  cul¬ 
tures,  CF  cells  produced  virus  possessing  a  differ¬ 
ence  of  1.3  logs  at  the  fifth  passage  and  2.0  logs 
at  the  tenth  passage.  The  difference  for  the  virus 
grown  in  L  cells  was  1.9  logs  at  the  fifth  and  2.4 
logs  at  the  tenth  passage.  These  results  suggest 
that  partial  attenuation  of  virulent  VEE  virus, 
as  shown  by  an  increased  inability  to  produce 
lethality  by  the  ip  route,  paralleled  the  inability 
of  the  virus  to  form  large  plaques. 

Thus,  virus  from  chick  embryos  failed  to  show 
any  appreciable  alteration  in  virulence  for  mice 
after  10  serial  passages.  Virus  from  suckling  mice 
showed  only  a  slight  decrease  in  virulence  that 
began  at  the  fifth  passage  and  was  repeated  at 
the  tenth  passage.  Virus  from  CF  or  L  ceils 
showed,  by  the  fifth  passage,  a  significant  de¬ 
crease  in  virulence  that  was  diminished  even 
more  by  the  tenth  passage. 

Effect  of  passage  in  different  host  systems  on 
the  Upid  content  of  the  virus.  Purified  prepara¬ 
tions  of  VEE  virus  were  obtained  after  1,  5,  and 
10  passages  of  the  virus  of  chick  embryo  origin 
both  in  L  cell  and  in  CF  monolayers.  Purified 
virus  was  obtained  also  after  one  passage  in  the 
chick  embryo  and  one  and  five  passages  in  suck¬ 
ling  mouse  brain.  These  preparations  were  di¬ 
alyzed,  lyophilized,  and  analyzed  for  PE-soluble 
and  PE-insoluble  lipids. 

The  results  of  these  analyses  are  presented  in 
Table  3.  The  total  lipid  content  of  purified  virus 
from  the  L-cdl  host  system  did  not  differ  sig¬ 
nificantly  a.  the  1st,  5th,  and  10th  passage  levels, 
and  was  similar  to  the  average  value  of  24.3% 
(Wachter  and  Johnson,  Federation  Proc.  21  >461 
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Table  2.  Relative  virulence  of  Venezuelan  equine  encephalomyelitis  virus 
after  passage  in  various  host  systems 


Host 

Infeclivity  tiUf»  (loci*  LOta/m)) 

— 

lit  pUM|t 

5  th  poattfe 

10th  ptutft 

ic* 

•Pt 

ic  -  ipt 

ic 

»P 

ic  —  ip 

ic 

ip 

ic  —  ip 

Chick  embryo . 

9.3 

8.8 

0.3 

9.0 

9.3 

0.3 

9.7 

9.1 

0.6 

Mouse  brain . 

10.3 

10.1 

0.2 

9.7 

8.8 

0.9 

9.3 

8.4 

0.9 

CF  cells . 

8.2 

7.8 

0.4 

8.8 

7.5 

1.3 

9.3 

7.3 

2.0 

L  cells . 

9.0 

9.3 

0.3 

9.2 

7.3 

t.9 

1  9'? 

1  73 

2.4 

*  Titration  in  mice  by  the  intracerebral  route, 
t  Titration  in  mice  by  the  intraperitoncal  route. 

j  Difference  between  titers  obtained  by  intracerebral  and  intreperitoneal  routes. 


Table  3.  Lipid  content  of  Venezuelan  equine  encephalomye,  i  tis  virus 
propagated  In  different  host  systems 


Sovrceof  vims 

ban 

Ptrmt  lipid 

Tout 

lUtio  of  PE-sol  to 
PE-insol 

PE-soi* 

PE-imolt 

Chick  embryof 

1 

15.2 

9.7 

24.9 

1.6:1 

Mouse  brain 

1 

6.7 

14.7 

21.4 

1:2.2 

5 

7.5 

20.0 

27.5 

1:2.7 

CF  cell 

1 

7.4 

12.3 

19.7 

1:1.7 

5 

8.0 

14.0 

22.0 

1:1.8 

10 

1 

7.0 

14.9 

21 .9 

1:2.1 

L  cell 

5.8 

17.8 

23.6 

1:3.1 

5 

I  57 

18.2 

23.9 

1:3.2 

10 

|  61 

16.7 

22.8 

1:2.8 

*  PE -sol  -  petroleum  ether-soluble  lipid. 

t  PE-insol  =  petroleum  ether-insoluble  lipid. 

j  Values  tor  virus  of  chick  embryo  origin  represent  the  avenge  values  of  five  preparations,  the  total 
lipid  of  which  ranged  from  22.6  to  26.6ft. 

1962)  for  VEE  virus  purified  from  chick  embryo 
suspensions.  However,  the  ratio  of  PE-soluble 
and  PE-insoluble  (PEs-PEi)  lipid  was  1.6:1  for 
VEE  virus  purified  from  chick  embryo  at  the 
first  postage,  and  that  propagated  in  L  cells  was 
1:3.1  at  the  first  passage.  This  ratio  for  L-cell 
virus  remained  approximately  the  same  at  suc¬ 
cessive  passage  levels.  Similarly,  neither  the  total 
lipid  content  nor  the  PEs-PEi  ratio  of  virus  de¬ 
rived  from  CF  monolayers  was  significantly 
different  beyond  the  first  passage.  The  total 
lipid  content  of  VEE  virus  propagated  in  CF 
cells  appeared  to  be  only  slightly  lower  than  that 
of  virus  propagated  in  L  cells,  but  had  an  average 
PEs-PEi  ratio  of  about  1:2  compared  with  a 
ratio  of  1:3  for  the  L-cell  product.  The  total 
lipid  content  and  lipid  ratio  of  virus  derived 


from  a  single  passage  in  suckling  mouse  brain 
were  similar  to  those  of  the  virus  from  CF  cells: 
the  apparently  higher  total  lipid  of  the  fifth 
passage  mouse  brain  viral  preparation  can  not 
be  considered  significant  without  confirmation 
by  further  analyses. 

These  results  indicate  that  a  single  passage  in 
any  one  of  the  host  systems  determines  the  na¬ 
ture  of  the  lipid  of  VEE  virus  in  terms  of  the 
relative  proportions  of  PE-soluble  and  PE-in¬ 
soluble  lipid,  and  that  the  total  lipid  and  'ipid 
ratios  do  not  change  significantly  during  10 
passages  in  either  of  two  tissue  culture  host 
systems.  This  suggests  that  the  change  in  the 
virus  from  large-plaque  to  other  plaque  types, 
and  the  change  in  the  virulence  characteristic 
of  the  virus,  apparently  are  not  accompanied 
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by  an  obvious  change  in  the  lipid  composition  of 
the  virus. 

Discussion 

The  results  of  these  experiments  indicate  that 
the  host  is  highly  instrumental  in  the  selection  of 
VEE  virus  types  possessing  different  plaque-form¬ 
ing  capabilities,  different  levels  of  virulence,  and 
different  ratios  of  PE-soluble  to  -insoluble  lipid. 
Evidence  that  as  the  large-plaque  characteristic 
was  lost  the  virus  showed  an  increased  degree 
of  attentuation  for  test  animals  supports  the 
hypothesis  that  these  two  properties  are  closely 
associated  during  passage  in  cell  culture.  The 
virus  encountered  during  the  serial  passages  in 
these  experiments  represents  populations  that 
are  clearly  intermediate  to  the  virulent,  large- 
plaque  virus  of  the  parent  strain  and  the  at¬ 
tenuated,  small-plaque  (0.3  to  1  mm)  viral  strain 
described  elsewhere  (4).  A  similar  display  of  inter¬ 
mediate  plaque  variants  has  recently  been  re¬ 
ported  by  Walen  (15)  for  vesicular  exanthema 
virus. 

Data  presented  in  the  present  report  suggest, 
however,  that  there  was  a  significant  exception 
to  the  concept  of  correlation  between  virulence 
and  plaque  size.  Tend  .-passage  suckling  mouse 
brain  material  contained  virus  that  had  lost 
much  of  its  capacity  to  produce  large  plaques,  as 
had  the  L-cell  and  chide  fibroblast  preparations, 
but,  in  contrast  to  the  latter  two  preparations,  it 
demonstrated  little  evidence  of  attenuation.  This 
phenomenon  has  been  studied  further  in  vivo, 
resulting  in  the  disclosure  of  additional  genetic 
alterations  in  viral  properties  that  will  be  pre¬ 
sented  in  a  subsequent  report. 

The  early  (first  passage)  replacement  of  virus 
containing  a  majority  of  PE-soluble  lipid  with 
virus  possessing  a  majority  of  PE-insoluble  lipid 
appeared  to  take  place  prior  to  our  detection  of 
any  loss  of  large-plaque-forming  and  virulence 
properties.  Whether  the  increase  in  PE-insolublc 
viral  lipid  is  a  prerequisite  for  the  conversion  to 
populations  with  a  preponderance  of  small- 
plaque,  attenuated  viral  particles  is  not  known. 
The  data  do  not  fully  preclude  some  type  of 
indirect  relationship,  because  chick  embryo 
virus,  which  showed  little  alteration  in  plaque 
size  or  virulence,  showed  the  highest  proportion 
of  PE-soluble  lipid,  but  the  L-cell  preparation, 
which  eventually  showed  the  highest  degree  of 
attenuation,  showed  the  highest  proportion  of 
PE-insoluble  lipid.  Since  some  lipid -containing 
viruses  apparently  take  on  the  lipids  of  their  host 
cells  (6,  7,  12,  16),  perhaps  it  is  reasonable  to 


postulate  that  the  host  cell  directly  determines 
the  lipid  content  and  lipid  ratios  of  VEE  virus 
indqiendent  of  the  proportion  of  (genetic) 
variants  in  the  virus  population.  It  is  not  sur¬ 
prising,  then,  that  the  piaque-fomang  and  viru¬ 
lence  properties  of  virus  were  more  closely  re¬ 
lated  to  each  other  than  either  is  to  the  factor 
responsible  for  the  PE-insoluble  viral  lipid. 
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